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The Importance of Hydrology in Wetlands

AHydr ol ogy is fithe science that encompa:
movement and properties of the waters of the earth and their relationship with the
environment within each phase of the h)

AWe t | a n d seasaof rearsh,fiem, 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 waters, the depth of which at low tides
does not exceed six metres and may include riparian and coastal zones
adjacent to the wetlands or islands or bodies of marine water deeper than six
metres at | ow tideo (Ramsar).

AHy dr ol ogyweubdsi hhwefil ands!



The Importance of Hydrology in Wetlands
AUnderstanding hydrology is crucial to understanding wetland functioning.

AMany causes of wetland loss and degradation are related to changes in wetland
(direct impacts) or catchment (indirect impacts) hydrology.

AHydrological understanding is required to assess impacts of natural and human
induced impacts, including those associated with climate change.

AManagement of wetlands for conservation objectives often involves further
hydrological manipulation, including mitigating potential impacts of climate change.
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Awater level and variability.
=) Strong control on wetland vegetation.

MG13 Inundation grassland:
creeping bent
and marsh
foxtail grassland

MG5 Old grazed
hay meadows:
crested dog's-tail
and common
knapweed grassland

MG9 Tussock wet meadows: MG8 Water meadows:
Yorkshire-fog crested dog's-tail
and tufted hair-grass and marsh-marigold
meadow grassland

MG 10 Ordinary damp
meadows:
Yorkshire-fog and

S5 Washland:
soft-rush rush-pasture

reed sweet-grass
swamp

MG4 Flood meadows:
meadow foxtail and
great burnet grassland

o= 35 Spring
\ water-table
Mid-summer

water-table Impermeable soils

Key (to NVC communities)

MG = mesotrophic grassland
M = mire grasslands
S =swamp

Soil surface

Water-table
position
Aeration ~

Thresholds -
Drought —~

Community distribution in UK wet grassland

M23 Western fen-meadows:
soft/sharp-flowered rush
and marsh-bedstraw
rush-pasture
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Seasons and Variable Amber

Winter (Dec - Feb)

A Mean water table depth (maximum)/m 0.5-0.7

B Mean water table depth (minimum)/m 0.11 - 0.08

C Max duration of surface flooding episode covering >10% of area/days 10-18

D Cumulative duration of flooding during season/days 35-45

Spring (Mar - May) -

A Mean water table - 5-0.8

B Mean water table _, -0.2

C Max duration of st 12

D Cumulative duratic 30

Summer (June - Aug

g m::: x:::: ::::: ‘ e Ecohydrological Guidelines for y
Lowland Wetland Plant Communities

C Max duration of st 7t

D Cumulative duration vi nuuuny uuiiny ssasuir uaye To-14 Final Feport

Autumn (Sep - Nov) mefm

A Mean water table depth (maximum)/m 1 ( E

B Mean water table depth (minimum)/m 0.3-0.2 i

C Max duration of surface flooding episode covering >10% of area/days 7-12 £

D Cumulative duration of flooding during season/days 16 - 24 L TONENT

E Readily available water in top 0.5 m/mm 55 - 45 o
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Awater level and variability.
=) Habitat suitability for wildlife.

14} Probing Redshank

Rate of prey capture per min
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ASo, hydrological changes in wetlands can: g |
=) |Impact wetland physiochemical conditions.

=
B

=) |Impact wetland flora and fauna.

= \Vith multiple potential feedbacks.
APotential to manage and mitigate.
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Stage Board 1

Weir elevation

Simulated
e Observed

R2 Values

Calibration: 0.90
Validation: 0.73
Overall: 0.83

Water elevation (m OD)

25/06/1997 25/10/1997 25/02/1998 25/06/1998 25/10/1998 25/02/1999 25/06/1999 25/10/1999 25/02/2000 25/06/2000

19 Stage Board 2
8 1.8 { Weir elevation Simulated
E 174 ® Observed
S 161
}‘E 1.5 R2 Values .
snapyinarcaption

2 144 Calibration: 0.94 el
5 131 Validation: 0.86
g 1.2 ® Overall: 0.89 5 N

11 o etk e

25/06/1997 25/10/1997 25/02/2000 25/06/2000
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[a) . . Infiltration
o 18{ Weirelevation , el .
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= 16 1 e Observed
s pseerie
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11 . <" > ]
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AEImley Marshes: Climate Change
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AEImley Marshes: Climate Change

U Hydrological monitoring
= MIKE SHE / MIKE 11 model

U UKCP climate projections
=) Hydrological projections

U Water level requirements
=) Ecological implications
U Current: moderate stress from soil anoxia.
U PETq,: stress from soil anoxia ~ ~50%.
u PET,,. stress from soil anoxia removed.

o _ Séa arrow gra\t_‘ j j,% '
=) | oss of specialist species. Pivided 6ads YY)
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AEImley Marshes: Climate Change

U Hydrological monitoring

1998

Calibrated

1999

[Calibrated

= MIKE SHE / MIKE 11 model
U UKCP climate projections

=) Hydrological projections
U Water level requirements

26 NEWS

Disappearing wetlands leave
wading birds high and dry

sprinkjer ban across Sussex
The RSPB said that last winter
was the second driest since
1904 in the South East and

Once-common wading
bira: e likely to be

among the casualties of the

summer drought, wildiife

i

Calibrated

bas&d (e>¢ann|cdes esom

01/05/99

campaigners said yesterday.

Lapwing, redshank and snipe

numbers have dropped by up
to 80 per cent at five RSPB
reserves in Sussex and Kent
At Brading Marshes, on the
Isle of Wight, low rainfall has
left land parched. Redshanks
have disappeared and only
one pair of lapwings remains.
The news comes a week
after Southern Water
extended its hosepipe and

rainfall since then had been “L/%/w
below average.

Phil Burston, of the RSPB,
said: “To save our wetlands,
our wildiife and the livelihoods
that depend on them, we
must stop wasting so much
water, build houses to the
highest water efficiency
standards and force water
companies to immediately
address their shameful rate

of water leakage.”
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AEIlmley Marshes: Climate Change and mitigation
U Water level management

SIMULATION OF WETLAND WATER-LEVEL MANIPULATION USING = 01/02/99
COUPLED HYDROLOGICAL/HYDRAULIC MODELING

1 R Thompson
Wetland Research Unit
Department of Geography
University Callege Landon
26 Bediord Way
London WCTH OAP
United Kingdom

Abstract: Hydrological modif inwedland | 1 degrark
i  restoration, and creation sehemes rely

ical manipulations. These schemes can beneii from models which can accurately repre-
n complex weiland hydmlogical siuations. A coupled hydrologicalbydsaulic

Elmley Marshes, an archetypal example of UK. lowtarel wet grassland, has
been developed using the MIKE SHEMIKE 11 syssem. Long-temm monitoring, supple-
menisd by secondary sources, provided the necessary data, Calibration and valibtion
were asexd upon comparisors of observed and simalaicd water-able depéhs and dich-
water levels for two comsecutive 18- poriods. Resuls were gonesally eoraisont with
the observed data and reprosuced the seasonal hydrological dynamics. The close associ-
ation between flopding and both water able and ditch-waler levels was desarsirateed
The efiects of modi nstalled within the ditches
were imvestigated, iom declined a5 o
were lonsereel unil sigificant spills from the diiches onta the marsh surface were termi-
natexl, Homeses, since the duices are curently maintained at 2 high level, only limsed
aims in tch. water leved and flooelexter could be athieved by rai

the suices further

levels upon s limited due o the
T ydeauic conductivity of the clay swil. These resuls have important implcations for
the maragement of fhe Elmley Marshes and senilar wet grassland ervironments, [Key
wards: Hydrological and hydraalic modeling, wetlands, wet grassland, water-level man-
agemment]

INTRODUCTION

Wetlands are now widely recognized as important ecosystems which are not
only valuable wildlife habitats but also provide a host of benefits to human commu-
nities fe.g., Williams, 1990; Thampson and Hollis, 1997; Mitsch and Gosselink,
2000). However, just as the importance of wetlands has been recognized, the wide-
spread loss and degradation of the world's wetland resources has become increas-
ingly apparent (e.g., Finlayson and Moser, 1992; Mitsch et al., 1994; CEC, 1995),
Many lacal, regional, national and international initiatives have therefore been
developed 1o improve the management of existing wetlands, 10 restore or recreate
thase which have been lost or degraded and to create wetlands on formerly dry
sites

39

Physical Geography, 2004, 25, 1, pp. 39-67
Copyright © 2004 by V. H. Winsion & Son, Inc. All rights reserved.
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AEImley Marshes: Climate Change and mitigation

Without scrapes

] With scrapes

temp Htemp I—temp Htemp
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I_tI’WS H trws L
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ABOVE 045000
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01/08/99
ABOVE  0.45000

0.30000 ~ 045000 0.30000 — 045000
100- E 0.15000 — 0.30000 100- E 0.15000 — 0.30000 100, IR ©0.15000 — 0.30000
002000 - 0.15000 002000 - 0.15000 B 002000 - 0.15000

Bl elow 002000 Bl elow 002000 BELOW 002000

ABOVE  0.45000
0.30000 — 045000

ABOVE  0.45000
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Projecting impacts of climate change on hydrological conditions and
biotic responses in a chalk valley riparian wetland

AR. House """, JR. Thompson ", M.C. Acreman*

#Centre for Ecology and Hydralogy. Crowmarsh Giffore. Wallingford. Ocfordshire 0X10 888, UK
*UCL Department of Geagraphy. University College Lowdon. Gower Street. Loadon WCIE 68T, UK

@c-wm

ARTICLE INFO SUMMARY
Articte Nistory: Projected changes in climate are likely to substantially impact wetland hydrological conditions that will
Received 26 August 2015 in tum have implications for wetland ccology. Assessing ecohydrological impacts of climate change
i revised form 30 November 2015 requires models that can accurately simulate water levels at the fine-scale resolution to which species
Neatiesnme 11 iy 2016 and communities respond. Hydrological conditions within the Lambourn Observatory at Baxford.
£ = This manascript was handied by Tim & Berkshire, UK were simulated using the physically based, distributed model MIKE SHE, calibrated to con-
£ £ s temporary surf: levels. The site is a 10 ha lowland riparian wetland where complex
£ = of Joshua Larsen, Asscxiate Editor geological conditions and channel management exert strong influences on the hydrological regime.
2 ﬁ _____ Projected changes in precipitation, potential evapotranspiration, channel discharge and groundwater
] 3 Vietants different scenarios. Hydrological impacts of climate change differ through the wetland over short dis-
o © Climate change the oi
= > Ecohydrology upwelling are associated with an exaggerated response of water levels to climate change compared to
= 8 Hydrologxal/hydraulic modelling ot
5 separates two main aquifers, is absent. Simulated water levels were linked to requirements of the MG8
s § plant community and Desmoulin's whorl snail (Vertigo moulinsiana) for which the site is designated.
2 g' Impacts on each are shown to differ spatially and in line with hydrological impacts. Differences in water
par
apement srategesin distinct areas of the wnhnd
©2016 The Au il
creativecommons orglicenses/by/4.0/).
1. Introduction Groundwater may contribute a significant proportion of the

water balance in riparian wetlands (Bravo et al, 2002; Krause
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Wetlands are highly vulnerable to climate change due to the
primary importance of the hydrological regime in controlling their
ecological characteristics (e.g. Baker et al, 2000). Unequivocal
warming of the climate (IPCC. 2014) will alter itation and

and Bronstert, 2005; House et al., 2015b), which can strongly influ-

ence the hydrological regime, nutrient status and species composi-

tion (Wheeler et al,, 2009: House et al, 2015a). Groundwater]
uta

evapotranspiration rates, and result in changes to runoff and
groundwater levels. The key roles of these processes in controlling
wetland vegetation (Baidwin ct al, 2001; Wheeler et al., 2009),
animals (Ausden et al. 2001; McMenamin et al., 2008) and biogeo-
chemical cyeling (McClain et al. 2003: Lischeid et al. 2007) means
that climate change is likely to have major impacts on the world's
wetlands, their flora and fauna as well as delivery of the many
ecosystem services which they provide.

- ing, authos at: Centre for Ecology and Hydrology, Crowmarsh
i, Waligor, Onordshre prr iy
-l address: anchoieh ac sk {AR. Housel

it Golorg/ 10,1016} fhydeol 2016.01 004
00221694 2016 The Authars. Published by Elsevier 1LV,

“This s an open access BY license (11p

are inherently complex, being time

dependent (Hunt et al, 1999), spatially heterogeneous (Hunt

etal, 1996; Lowry et al, 2007; House et al, 2015a), and sensitive

to mpe;upmal geological and climatic controls (Winter, 1999:
02).

fers and catchment runoff may cause intricate and significantly
detrimental impacts to wetlands underlain by permeable geology,
such as the chalk lowlands of southeast UK (Herrera-Pantoja et al.,
2012). The impacts of climate change upon such wetlands should
ideally therefore be assessed on an individual basis m 'clunﬂ o
their water su
(Acreman et al,, 2007).

Hydrological changes due to climate change may be linked to
water level requirements of different species and communities to

————_y
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RESEARCH ARTICLE

Projecting impacts of climate change on habitat availability in a
macrophyte dominated Chalk River

A.R.House'? | J. R. Thompson® | C. Roberts® | K. de Smeth® | G. Old* | M. C. Acreman*

Change in discharge (%)

*Centre for Ecciogy and Hydrology,

Crommanh Giford Wllnglrd, Ontorcshira | ABSETact

010 888, UK Climate change willimpact flwvial ecosystems through changes i the flow regime. Physical hab-
*UCL Degariment of Geagaphy. University | itatis an fariver's ehanges to flow. Vet it

College Landon, Gower Sower, Lomdon WCIE
48T,UK

Ve Uriversast, Ansterdan, ML
Comespondence
AR House Centre for Ecclogy and Hydriogy.
Crowmarsh Gifford. Wallngloet, Ontordstire

requires extensive datasets, is site specific, and does not account for dynamic processes; short-
comings that the use of hydrological and hydraulic madels may alleviate. Here. simulated flows
along a 600 m reach of the River Lambourn, Boxford, UK, were extracted from the 10 MIKE
11 hydraulic component of an integrated MIKE SHE model of the Centre for Ecology & Hydrol-
ogy River Lamboum Observatory. In-channel seasonal macrophyte growth and management

K10 888, UK. mmmmmulwek.mumlnmhyﬂlulk madel by manipulating channel
fr oo i, Assessment af ch e autputs from the UK Climate
Piciaﬂlnns 2009 ensembe of plobal cimate models for the 2080s. River discharge outputs were
disaggregated to provide velocity and depth profiles across 41 ross sections aiong the reach.
trutta) ta generate
a measure of available physical habitat, The influence of macrophyte growth caused the habi-
tak-discharge relationship to be unsable in evaluating the sensitivity of beown trou to flaw
changes. Instead, projected time series were used to show an overall reduction In habitat avail-
abilty. more for adult than Juvenile trout. Results highlishted the imaact of weed cutting, and

WUA (m? per 1000 m)

_ it patential ol in mitigating both flod sk and the scolagical impacts of imate changs. The.
u; useofa habitat availability has
KEYWORDS
hydeolagical river
management
1 | INTRODUCTION ‘dsuibution of habitat (Bunn & Arthington, 2002; Polf et al, 1997, Rich-

ter, Baumgartner, Braun, & Powell, 1998; Woarren, Dunbar, & Smith,
Unequivocsl warming of the climate IPCC, Z014) whl impact the gibal  2015) means thatcimate change I kel to have majorimpacts on flu-

for aquatic  vial , their biota, and the many services that they provide.

ecosystems (Matthews & Quesne, 2009; Poff, Brinsan, & Day, 2002) and
water resources (Gosling, Warren, Armeh, Good, & Caesar 2011; OKi &
Kanae, 2008}, €

poral and spatial distribution of precipitation and evapotranspiration.
which, i urn, el sl i charges o et ad iverflow regimes

A direct relationship between physical habitat and flow enables
assessments of the ecological responsss ta changes in the flow regime
(Beecher, Johnson, & Carleton, 1993; Cavendish & Duncan, 1988). Flow
i this sense is used 3 3 proxy for water depth and velocity, as these
provide physical habitat for plants. ivertebrates, and fish through

ater quality,
sediment uuwan. dissolved oxygen concentrations, and the type and

flow rate and channel serphology (Gallagher
& Gard, 1999; Gore, Crawford, & Addison, 1998; Jowett, 1992: Jowett,
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ABSTRACT
Thirty UK Climate Projections 2009 (UKCPO9) scenarios are simulated using a MIKE SHE/MIKE
dplain in eastern England. Annual precipitation exhibits uncertainty in

11 model of a restored
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direction of change. Extreme changes (10 and 90% probability) range between ~27 and +30%  gion

The central probability projects small declines (<-4%). Wetter winters and drier summers pre-

A Castelarin

dominate. Potential evapotranspiration increases for most scenarios (annual range of change: —41
o +2%). Declines in mean discharge predominate (range: -41 to +25%). Reductions of 11-17%  ASSOCIATE EDITOR
are projected for the central probability. High and low flows, and the frequency of ban} S. Kanae

discharge exceedence reduce in most cases. Duration of winter high floodplain water tables
declines. Summer water tables are on average at least 0.11 and 0.18 m lower for the 2050s and
20805, respectively. Flood extent declines in most scenarios. Drier conditions will likely induce
ecological responses including impacts on floodplain vegetation.

Introduction

Flooding and associated delivery of sediment and
nutrients exert important controls on natural flood-
plains. The diversity of hydro-ecological conditions
that result from disturbances due to regular floods
and high water tables drives high habitat heterogeneity
and primary productivity (Grevilliot et al. 1998, Ward
1998, Gowing et al. 2002, Woodcock et al. 2005). The
diverse array of microhabitats commonly found on
natural floodplains is a key driver of their high biodi-
versity (Junk et al. 1989, Silvertown et al. 1999, Ward
et al. 1999, Tockner and Stanford 2002, Dwire et al.
2006, Freeman et al. 2007, Arthington et al. 2015).
Similarly, strong hydrological links underpin numerous
ecosystem services provided by rivers and their flood-
plains (Zedler and Kercher 2005, Kondolf et al. 2006).
These services include provision of habitat and main-
tenance of biodiversity that in turn support catchment-
wide fisheries as well as nutrient retention, floodwater
storage and flood peak attenuation (Hill 1996, Ward
et al. 2002, Bullock and Acreman 2003, Baker and
Vervier 2004, Forshay and Stanley 2005, Acreman
et al. 2007, Naiman et al. 2010).

However, many rivers around the world have been
embanked, channelized and deepened to improve

KEYWORDS
climate change;
iver/floodplain restocation;
hydrologicalrhydraubc
modeling; MIKE SHE;

agricultural productivity on floodplains and to protect
land from flooding (Buijse et al. 2002, Tockner and
Stanford 2002). For example, 40% of total river length
in England and Wales has been classified as severely
modified (Envi Agency 2010). C

and embanking restricts or even completely disables
overbank flow mechanisms. This reduces the magni-
tude and frequency of transfers of water, sediment and
nutrients between rivers and their floodplains (e.g.
Tockner ef al. 1999, Wyiga 2001, Antheunisse et al.
2006). Resulting changes in floodplain hydrological
conditions contribute to significant ecological degrada-
tion, with consequent impacts on ecosystem service
delivery (Erskine 1992, Ward and Stanford 1995, Petts
and Calow 1996, Nilsson and Svedmark 2002, Pedroli
et al. 2002).

R

y between
rivers and floodplains is an increasingly common man-
agement approach to restoring these aquatic ecosys-
tems (e.g. Acreman et al. 2003, Blackwell and Maltby
2006, Pescott and Wentworth 2011, Addy et al. 2016).
Floodplain restoration, frequently involving reconfi-
guration of river channels and removal of embank-
ments, is often designed with a number of objectives
A more natural, dynamic, flood-pulsed hydrological
regime benefits floodplain biodiversity and ecosystem
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