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Introduction CR E\8/ oot

* Definition: “areas of marsh, fen, peatland or
water, whether natural or artificial, permanent or
temporary, with water that is static or flowing,
fresh, brackish or salt, including areas of marine
water the depth of which at low tide does not
exceed six metres” (Ramsar Convention
Secretariat, 2016)

* Major influence on the hydrological cycle of
catchments from mountains to the sea.

 |n Scotland cover an estimated 2 million hectares
(26%) of Scotland’s land area.




Research context C REV‘\/ ogse

e Dispersed and incomplete knowledge

» Lacks an integrated focus linking health, buffering capacity, land use and climate
change, and biodiversity, across a range of wetlands

--> What we were tasked with:

» An assessment of a broad range of wetlands with respect to their buffering
capacities for both high and low flows

» To better understand the impacts of land use and climate change on such
capacities and biodiversity



Research questions CREW .

* RQ 1: How do a broad range of wetlands in Scotland buffer extremes of water
availability, focusing on both low and high flows?

 RQ2: How is this buffering capability compromised when wetlands are degraded due
to land use conversion or climate change?

* RQ3: What are the impacts, caused by extremes of water availability, on the
biodiversity of Scottish wetlands?

* RQA4: Are there opportunities or potential changes in land or water management,
which could enhance this buffering capability of wetlands in Scotland?



Evidence sources CRE\N ogse

 Comprehensive literature review

* Indicator-based analyses of wetland hydrology and plant ecology
* National mapping of areas likely to be wetlands (DSM-HOST map)
* Analysis of past Scottish climate trends & climate projections

* Discussions with experts on health of Scotland's different wetlands (workshop in
October 2021)



Wetland classification used
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Lowland Wetland Habitats Hydrological Wetland
Type!
Upland Wetland Hydrological wetland type?
Raised bogs Surface water depression > ! v . e
Habitats
Transition mires and quaking bogs
Open water transition fens Groundwater slope Blanket bog Surface water slope
Base-rich fens Wet heath
Reedbeds and swamps Depressions on peat  Surface water depression
Groundwater substances

slope/depression

_ - Base-rich fens, alkaline Groundwater slope
Basin fens Groundwater depression

fens
Floodplain fens Floodplain
Wet Grassland/flood Hydrological wetland type!
Wet Woodland Habitats Hydrological wetland type? plain Meadow Habitats
Fen meadow Groundwater slope; Floodplain
Fen woodland Groundwater depression;
Wet meadows, marshy  Floodplain
Alder woodland Groundeater slope; arassland
Floodplain Transition grasslands
Bog woodland Surface water

slope/depression Transition saltmarsh 6

1 Acreman and Bullock The role of wetlands in the hydrological cycle. (2003) HESS 7



RQ 1: How do a broad range of wetlands in -
Scotland buffer extremes of water availability,C REW g
focusing on both low and high flows?

* Wetland water balance = the sum of water inputs minus outputs

* |Inherent characteristics of wetland determines ratio of used and available (free)

storage of water. Thus ability to buffer.

A Vegetation
controlled rainfall
interception &
evapotranspiration

A Precipitation input

I A Surface water
w input & output

ASurface water storage
Ground surface“.; ]
 Unsaturatedlayer Soll ASolmoisture | [~A/212ble (e
AWater table [t i i i i J- storage
Saturated layer
(groundwater)
A Groundwater Drift deposits,
input & recharge deep peat and/or —Used storage
bedrock
8
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Key points on buffering CREW .
* Buffering capacity varies in time and space. Also is site and catchment specific; a
certain wetland type can function differently in different locations.

* Wetlands hypothetically can buffer floods through storing water and slowing its
movement.

* Wetlands can also buffer droughts by storing water and releasing it.

 However wetlands can also be areas with high runoff and reduce the buffering of
droughts by increasing water losses through evapotranspiration.
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Assessing the buffering capacity of wetlands CRE\%/ &erse

Wetland Water holdinglow flowsHOST Confidence level /High flowsStand-ard Confidence level /
habitat capacity buffering  Base-  Refs3 buffering % runoff Refs3
rating flow rating rating?
index
rating?
Uplands
Blanket bog |PHWT Low Low Medium; Low High High;
Evans 1999; Soulsby(pOten_tlally Acreman and Holden,
good in the
et al., 2006; Tetzlaff 2013; Bullock and
et al., 2007 short-term Acreman, 2003;
foIIowmg. Boelter and Verry,
fjry PENCE 1977; Tetzlaff et al,,
10 SUGRIRES), 2007; Scheliga et al.,
2018
Wet heath PHWT Low Low Low Low High Low
Depressions |PHWT Low - Low; Low - Low;
Acreman and Acreman and 0
Macartney, 2009 Macartney, 2009




Assessment of buffering capacity of o e
wetland habitat types (RQ1) CREW

FOR WATERS
* Knowledge on the buffering capacity of the 18 specific wetland types considered
was limited, thus a cautious assessment was made.

* The majority were found to have limited buffering capacities for low and high flows
when in a healthy state in agreement with previous reviews (Bullock and Acreman,
2003).

 However, there are a number of wetland types that do provide good but variable
high and/ or low flow buffering capacity....
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Wetlands with the best buffering potential CREW/ &,

Drought buffering

Potentially help
buffer both
droughts and

: floods
Floodplain-fen

meadow - 5 asin'bog’ - Wtransition grassland
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Blanket bogs CREW .
e Restoration has been proven to help reduce
flooding but uncertainties remain.

* In a saturated, healthy state, they have
limited buffering capacity

 But many are not in a healthy state

— Their restoration should increase
buffering capacity at certain times given

their extent. g eetlan Donaldson-Selby
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RQ2: How wetland buffering capability CRE\Y/ &=
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compromised when wetlands are degraded

due to land use conversion or climate change?
Defining health

 Condition of a wetland is a visible manifestation of health
and often the result of historical impact.

e Wetland health includes condition assessment but should
measure processes and their effects. Difficult to define.

* Particularly important in a changing climate of extremes.

* Based on NatureScot SCM data, over 40% of Scotland’s best . i
wetland sites are in unfavourable condition. o




Land use impacts CREW .
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Prediction of climate change impacts on
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wetlands

Baseline period

Hydrological Wetland Classes
in Scotland
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Location specific example: Insh Marshes CREY &2

Month with the maximum drought Month with the maximum drought change
UKCP18 12 ensemble members in agreement with the change

Model 04 Model 05
AR g Y % o

Surtace Waker Sope (SWS Geounowater Slope (GWS Flooaplaim (FP) : y y 3 o ' v J
HyaroogleatWesand Types [ L L et 5v01 | omona om0 [l oo Uncertain No change Later Earlier No change Later Earlier
Agreement map

. . . x12 climate simulations
(all 12 climate simulations)

Possible to estimate future climatic conditions to guide which land management can
be conducted to protect wetland health.
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Assessment of the impacts of land use and (CRE\$/ sewwnse

climate change on wetland buffering (RQ2)

* Impact of climate and land use change on buffering will depend on the site-specific
health/type of the wetland and the timing and nature of the impact(s).

* Anticipated greater droughts especially in south and east.

* Anticipated greater flooding in winter months and in north-west.

* Land use impacts (e.g. drainage) may be harder for wetlands to recover from, than
drought impacts affecting vegetation cover and soil moisture.

* Predicted that 10/18 wetland habitat types are at risk. Wetlands are more resilient
to impacts when they are larger (individually and in total extent across a catchment)
and connected to other wetlands or watercourses.
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RQ3: What are the impacts, caused by CREW/ s
extremes of water availability, on the R FOR WATERS

biodiversity of Scottish wetlands?
Ellenberg indicator values

* Ideally, we have hydrological data from a site and detailed
niche descriptions for species to assess and predict effects.
* Instead, we can use Ellenberg indicator approach.
* Moisture index (F) runs from:
» 1 — plants of sites that are extremely dry to

» 12 — submerged plants, permanently or almost
constantly underwater

19



Impacts of water extremes on biodiversity CREW &

(RQ3)

98 of 700 species on the Scottish Biodiversity List (SBL) in the two highest categories
of concern “conservation action needed” and “avoid negative impacts”

We can identify plant species at risk in each community and if they are rare species
or not.

Most wetland vegetation communities possess some species at risk of being
affected by increased dryness and some at risk of increased wetness.

» Implications for buffering capacity (e.g. changes in sphagnum cover).

However, we don't know enough about site hydrology and species composition to
make predictions. Monitoring is key to understanding impacts in a particular site.

20



RQ4: Are there opportunities or potential changes in 4/ commeos
land or water management, which could enhance thisCRE\’ ‘/ FOR WATERS
buffering capability of wetlands in Scotland?

Favourable policy environment: Focus on main benefits (esp. for peatland):

* Land Use Strategy 3 Net carbon emissions savings

* Scottish Climate Change Action Biodiversity

Programme 2
* The Climate Change Plan 2018-2032
* National Planning Framework 4

Flood risk management

Climate change mitigation and adaptation

* The Scottish Biodiversity Strategy
post 2020: a statement of intent

e National Peatland Action Plan

* Flood Risk Management (Scotland)
Act 2009

* @Green recovery

21



Key recommendations for current policy = CRE\Y/ &

1.

Prioritise restoration and maintenance of key wetland types (e.g. floodplain fens,
swamps and reedbeds), within and outwith designated sites, in areas vulnerable to
drought and flooding.

In parallel create, restore and expand healthy networked wetlands of all other
types where opportunities arise.

Invest in local human resources to restore, maintain and respectfully manage
wetlands as part of the green recovery plan.

Create catchment partnerships of land managers and businesses.
Maintain ongoing wetland monitoring to meet dynamic policy needs.

Adapt restoration approaches.

22



New policy recommendations CREW &=,

1.

Identify and maintain reliable funding sources for
enabling wetland restoration needs.

Review the current system of Site Condition Monitoring.
Focus on measuring wetland health and functions. Re-
evaluate the current designated site series and its purpose.

Complete the Scottish Wetland Inventory. Invest in site-
specific assessment, long-term monitoring and earth

observation data. Develop a network of reference sites. -

Strengthen the National Planning Framework from a
wetland perspective.

Redesign agri-environmental schemes to integrate
wetlands to deliver the ecosystem services they bring.

Raise the policy profile of wetlands in Scotland.
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Scotland: a review of
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Enhancing the buffering
capacity of wetlands across
Scotland in the face of increased
flooding and droughts: how
existing and new policy can
offer support

Matthew Hara®, Andrew McBride* and
Stephen Addy”

Wetlands are important habitats that support
biodiversity and can potentially help mitigate or
“buffer’ extremes of water availability, from flocding
and drought risks. Yet wetlands are often degraded,
and benefits underappreciated, despite their relevance
to dlimate change and bicdiversity policy goals. This
CREW Folicy Note gives an overview of a broad
range of wetlands in Scotland to inform policy
direction for enhandng the water regulating services

Background

Wetlands cover an estimated 2 milkon hectares (26%) of
Scotland's land arsal, with Hanket bog being the most extensive
wetland ype. The UNESCCH Conventian on Wetiands, otherwise
knevwn as the Ramsar Canvention'™, defines wetlands as:

“arexs of marsh, fen, peailand or water, wihether nadural or
arbificial, parmanerd or femporary, will waker that is siabic or
flowing, fresh, brackish or salf, including areas of marine waler
the depdh of which af low tide doss not exceed six medres ™

Larndd wred Hubitts Comudtancy. T Krwmd Cobtage, Luncarly, Perh, PH HZ.

Policy Note

Overview

+ Increzsed fioodng ard drought sis are predicted 0 become
maor: frquent dus to dimate change Impacts In Scdand.

= Wptlands can potentially befier extromes of water avaiabibty
but ther capacity to do so ks compromisad by habiat loss
ared degradation, loss of connectivity with ather wetlands and
watnrourses, chargig dimate and bind e coeversian.

= An evidence-based assessment” of the broad range of wetlinds

Hatoorur in Scolland found that:

o Whikt most wietlands bave 2 limitod abiry o mitigate
extremnes In water avallbility, cortain wetiand types (ke
fioadplain fons, swamps, and rodbads: B2 1] hawe the bast
potential to butfer bath floods and drouphfs.

o Thom arm more palicy options avallable than rostoring
peatiands. Relitive to area, the identitied wetlinds (Box 1) are

o However, phven tha loss or poor Baalth of mamy wotlinds
which affects their buffanng capacty, 2 focus on msoring

o Both wetiand haalth, and the Bindwerstty of wotland
"egntation commusitics, am 3t sk from cimase chamge:
impacts i no policy action ks taken.

* Exkting palicios (2.g., Third Land Use Strategy 2001 -2026; Flood
Fagk Management (Scotland) Act 2009; Scottsh Cieate Change
Aection Frogramme (3019-2024) suppeet tha noad o protoct
and restom all wetlands bt with prioetty pheon to the ey
witland types outhned (S 1),

« Tha key recommend ations am boc

8 axtstng pokcy restoration of
a netweark of the key wotland types identified for enhamced

bufforing capacty acos: scotlind in the face of Incoased
flooding and droughts.

o Establih 2 mom fawurablo pobcy envircament for craating,
rastorng and acpanding notworkad wetinds of 2l otfor types
0 enhance the extent of haalty wetiands = Sootand.

& Target metoration funding on 2 broad range of wetkinds,
expactaly st pricrtised wotlind types, shat am amocztod
with aras welnerable to flocding or deoughes In Soothed.

o Rovigw the current systom of Stie Condition MonRoring bo
focus on wetland heakth and s degignatoed wothnd stios
n Sootand.

o Complie the Scottish Wistkind inventory by provislon of she-
spoctfic Empmsment, long-torm monttoring, carth chaeration
data and reforancs wotlands

1 The ahowe iory frcingn are asad on imformaSon from S s
oy e e
mdg._.hﬂr-:‘_-b_u.‘.d."_&'-'mnmw
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Main report with eight technical appendices Policy note

Available at: https://www.crew.ac.uk/publication/moderating-extremes-water-availability-review-role-
functioning-wetlands 24
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